Purpose -The factors that determine foreign direct investment (FDI) are important to policy-makers, investors, the banking industry and the public at large. FDI in Ghana has received increased attention in recent times because its relevance in the Ghanaian economy is too critical to gloss over. The purpose of this paper is to examine the determinants of FDI in Ghana between the period of 1990 and 2015. Design/methodology/approach -The study employed a causal research design. The study used the Johansen's approach to cointegration within the framework of vector autoregressive for the data analysis. Findings -The study found a cointegrating relationship between FDI and its determinants. The study found that both the long-run and short-run results found statistically significant negative effects of inflation rate, exchange rate and interest rate on FDI in Ghana while gross domestic product, electricity production and telephone usage (TU) had a positive effect on FDI.
Introduction
Foreign direct investment (FDI) is a vital ingredient in achieving sustained growth of any nation, including Ghana. FDI serves as a critical factor that helps to propel the economic growth of every nation (Coy and Comican, 2014) . FDI is essentially an international investment where the investor gains significant influence in the management of an entity outside the investor's home country (Solomon, 2011) . FDI under all circumstances has become an important force in the internationalization of investment activities in the global economy. For instance, the inflows of FDI globally totaled $1,114 bn in 2009 (UNCTAD, 2011) .
The participation of developing countries in the total inflows of FDI has varied considerably over the last 25 years; increasing from 15 percent in 1980 to 46 percent in 1982, leveling off at slightly over 20 percent during the last four years. It must be pointed out, however, that the motives behind these international capital flows are still substantially different than those related to the inflows of FDI to developing countries, in spite of the changes that have taken place over the last decades. For example, the search for agricultural or mineral resources is much less important today than it was at the beginning of the twentieth century. On the other hand, the current movement of these flows is extremely complex, and is subject to a wide variety of factors related to the competitive environment in which the firms operate, to their specific characteristics and to economic factors in the home and host countries.
According to World Bank (2001) , the past decade has witnessed a dramatic increase in FDI to developing countries; with FDI increasing from $24 bn (24 percent of the total foreign investment) in 1990 to $178 bn (61 percent of the total foreign investment) in 2000. This is good news, especially, for the countries that do not have access to international capital markets. However, Africa did not benefit from the FDI boom despite its efforts to attract FDI inflows. For example, from 1980 -1989 to 1990 -1998 grew by 59 percent. This compares disproportionately with high increase of 5,200 percent for Europe and Central Asia, 942 percent for East Asia and Pacific, 740 percent for South Asia, 455 percent for Latin America and Caribbean and 672 percent for all developing countries.
According to Gabriele et al. (2000) , African countries increasingly adopt alternative strategies for mobilizing development finance. One notable strategy attempts to attract new inflows of FDI. They further indicated that this change in strategy reflects the following factors. First, both bilateral and multilateral lending institutions now focus more attention on transitional economies in Eastern Europe and emerging markets in Asia; thus depleting loanable funds available to African countries. Second, most African countries realize that debt service is a burden in their attempt to mobilize capital for domestic development projects. Third, excessive debt service burdens severely constrain the capacity of African Governments to provide quality social services (such as health, education and infrastructures) for the citizenry. Finally, their obligations to credit nations compromise the ability of these governments to act independently in the international political economy.
A number of domestic factors are important in attracting FDI to an economy. Autonomous increases in domestic money demand and increases in the domestic productivity of capital have been acknowledged by Ul Haque et al. (1997) . Calvo et al. (1993) pointed out that improvement in external creditor relations, adoption of sound fiscal and monetary policies and neighborhood externalities are important for attracting FDI. Others included macroeconomic performance, the investment environment, infrastructure and resources and the quality of institutions. Chuhan et al. (1996) indicated that a stable macroeconomic environment improves credit worthiness and expands investment opportunities which in turn attract FDI. GDP growth rate and trade openness can be used to fuel the interest of foreign investors (Morisset, 2000) . Bende-Nabende (2002) in a study using data on 19 SSA countries over the showed that the most dominant long-run determinants of FDI in SSA were market growth, real effective exchange rates, market size and openness of the economy.
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Determinants of FDI in Ghana
A FDI in Ghana refers to the monetary resources foreigners invest in companies or their subsidiaries listed on the Ghana Stock Exchange. Ghana's economy was poised for rapid growth through both domestic and external resources, especially foreign investment. The precedent already existed in the mining sector and in commerce and banking for enhancing the country's standing as a useful destination for FDI. After independence, major public investments were made in education (a number of Trust Secondary Schools and a third university at Cape Coast as well as the expansion of two existing ones), and in port facilities at Tema. The outstanding public investment, partly aimed at opening up the country for foreign investment, was the construction of the Akosombo Hydroelectric Dam (Tsikata et al., 2000) .
Despite the efforts by government to attract more FDI in the country, the results were not fruitful. In a bid to restore the trend, remedial policies were initiated to create an enabling environment for medium-and long-term growth. More specifically, in its Ghana Vision 2020: The First Step 1996-2000, the government identified its goal of formulating and implementing policies which would enable the attainment of a "middle-income country status and standard of living" by 2020. In part, this will entail a long-term average GDP growth rate of over 8 percent per annum and thereby increasing average real incomes fourfold. At the sectoral level, agriculture's share of GDP was projected to fall to below 20 percent, whilst that of industry was to rise to 37 percent by 2020. In the partial fulfillment of this "Vision," the government embarked on a vigorous program to promote the flow of FDI. Various delegations, headed either by President Rawlings himself or his top aides and cabinet members, toured Europe, North America and South and East Asia to increase FDI inflow.
The main motivation for this study stemmed from the fact that one of Ghana's development goals or aims is to push the country to become a higher middle-income earning country by the year 2020. This goal can only be realized if there is a high and sustainable rate of growth above 8 percent annually which can be aided by FDI in the country. Although studies have been conducted to explore the determinants of FDI, some of the core macroeconomic variables such as inflation, interest rate, telephone subscriptions, electricity production, etc., which are unstable and have longstanding effects on FDI have not been much explored to a give a clear picture of the relationships. Therefore, this study contributes to the literature by exploring the effects of telephone subscriptions and electricity production on FDI which has not been dealt with in Ghana using a different methodology (ARDL) to study the relationship between FDI and other macroeconomic variables to give clear picture of their relationships and to suggest some of the possible ways of dealing with these variables in order to attract more FDI for the country to achieve its goal is what this paper seeks to do.
Thus, as seen above, there seems to be a consistent fall of the inflow FDI in Ghana. For instance, according to International Monetary Fund, trend in FDI net inflow (percent of GDP) in Ghana can be seen in (Figure 1) . Base on the above trend, it is obvious that there is regular fall in FDI inflow in Ghana from 2008 to 2013 (except 2010 and 2011) .
Currently, the major interest of Ghana is whether FDI can contribute to the aim of reducing poverty. This basically depends on how the inflows from FDI are spread among sectors, workers and households. Systematic evidence on the effects of FDI on income allocation and poverty in Ghana is lacking. Therefore, the general objective of the study is to investigate the determinants of FDI in Ghana over the period.
Literature review
Theoretical review
This portion indicates the theoretical underpinnings of the study. Specifically, the study reviews the product life cycle developed by Vernon (1996) and eclectic theory developed by Dunning (1993 Dunning ( /2000 , which explain the nature and the institution of FDI in the host country. Vernon (1996) developed a theory of trade that attempted to explain the tendency for the production of new goods to be concentrated in the developed countries early in the life of the product, but to move to other economies later on. He also emphasized in his work that a firm tends to become multinational at a certain stage in its growth. He said in the early stages of product cycle, initial expansion into overseas markets is by means of exports. Because countries are at different stages of economic development, separated by "technology gap," new markets are available to receive new products through the demonstration effect of richer countries. Prior to the standardization of the production process, the firm requires close contacts with both its product market and its suppliers.
The product life cycle hypothesis
However, once the product has evolved in a standard form and competing products have developed, the firm may decide to look overseas for the lower cost locations and new markets. Here, it is not that factor inputs may be less expensive abroad but that considered scale economies from longer production runs may be obtained through the allocation of component production and assembly to different plants. The product cycle hypothesis is useful on several counts. First, it offers an explanation of the concentration of innovations in developed countries, and an integrated theory of trade and FDI. This theory helps to explain our argument that FDI inflows to any country depends on adequacy of some factors. Thus, the theory intends to address the apparent inadequacy of the comparative advantage framework in explaining trade and foreign investment and to concentrate on the issues of timing of innovation, effects of economies of scale and, to a lesser extent, the role of uncertainty. Product life cycle theory also seeks to explain how a company will begin by exporting its products and eventually undertake FDI as the product moves through its life cycle. Put differently, the theory indicates that a country's export eventually becomes its import and there are three stages in the life of a product, which are new product stage, maturing product stage and standardized product stage. With this, FDI occurs in the latter two stages (i.e. maturing product stage and standardized product stage).
Eclectic theory
This theory of FDI is suggested by Dunning (1993 Dunning ( /2000 and it is often referred to as the OLI paradigm. The O, L, and I in the paradigm refer to three groups of conditions that determine whether a firm, industry or company will be a source or a host of FDI. These groups are ownership advantages, locational considerations and internalization gains. Ownership advantages are those advantages that are specific to the firm. The firm enjoys 
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Determinants of FDI in Ghana such advantages over domestic as well as foreign competitors, so that expansion in the domestic market may be an alternative strategy. Such advantages include advantages in technology and in management and organizational skills, size and diversification, access to or control over raw materials, the ability to call on the political support of their government, access to finance on favorable terms, perhaps in foreign as well as domestic markets and the ease with which the firm can shift production between two countries. Locational considerations encompass such things as transport costs facing both finished products and raw materials, import restrictions, the ease with which the firm can operate in another country, the profitability with which the ownership advantages may be combined with factor endowments in other countries, the tax policies in both source and host countries, and political stability in the host country.
Internalization gains concerns those factors which make it more profitable to carry out transactions within the firm than to rely on external markets. It is to be noted that such gains result from avoiding market imperfections (uncertainty, economies of scale, problem of control, the undesirability of providing full information to a prospective purchaser and so on). However, the existence of internalization gains obviously depends to some extent on the existence of ownership advantages. The essential element in the eclectic theory of FDI is that all the three types of conditions must be met before there will be FDI.
However, the eclectic theory provides no clear indication as to the relationship between trade and FDI flows. Ownership advantages, by themselves, imply less trade. If the firm invests due to ownership advantages, it is in place of exporting. Internalization, as already discussed, may lead to increased trade flows as different divisions import and export to other divisions along the verticalized process line. Location often implies a negative relationship. If FDI is chosen due to locational advantages, it would imply a decrease in trade. This is because exports are replaced by closer production in the host country market. Locational advantages relating to natural resources, however, imply an increase in trade as FDI extracts those resources for home country use. Yet, again, location seen in a regional context may lead to enhanced trade as the host country is used as a base through which the multinational corporations serve the entire region.
In a nutshell, the main idea of eclectic paradigm is that in order to invest abroad, a firm ought to have important advantages in terms of ownership, location and internalization. Ownership-specific advantages could be competitive in nature and firms could enjoy monopoly power, "possession of a bundle of scarce, unique and sustainable resources and capabilities, which essentially reflect the superior technical efficiency of a particular firm relative to those of its competitors" (Dunning, 2000) . Location-specific advantages are the "immobile, natural or created endowments" which become an incentive to invest in a particular country. The internalization advantage gives international investors incentives to engage in foreign investment activities rather than franchising or licensing. The positive spillovers of FDI to host nations and their economies according to the theory can come in the form of an increase in national income, savings, financial resources (significant means of funding), higher employment rate, new technology and managerial know-how, improvements in human resources, increases in competition and economic development (Chowdhury and Mavrotas, 2006; Moghaddam and Redzuan, 2012) . This theory helps to explain our assertion that foreign investors will be interested in extending FDI if these initial conditions are in place which every developing country needs.
2.4 Empirical review 2.4.1 Effect of inflation, interest rate, real effective exchange rate and market size (GDP) on FDI. Saini and Singhania (2017) investigated the potential determinants of FDI in developed and developing countries based on panel data analysis using static and dynamic modeling for 20 countries (11 developed and 9 developing), over the period 2004-2013. They found that real GDP growth, per capita income, domestic inflation, commercial interest rates, trade openness, exchange rate and external indebtedness play a significant role in shaping the trends of foreign capital inflows.
Reenu and Sharma (2015) conducted a study on the determinants of FDI inflows in the post liberalization period in India using annual data from 1991 to 2010 by employing an ordinary least square (OLS) regression analysis. Their results indicated that market size, trade openness, interest rate and inflation are the major determinants of FDI inflows. Kandiero and Chitiga (2014) found a negative correlation between FDI inflows and real exchange rate appreciation after examined 38 African countries. Kaur and Sharma (2013) used a multiple regression to study FDI determinants in India. In their findings, they indicated that trade openness, inflation and forex reserves are the major determinants that affect FDI inflows. Inflation and exchange rate had negative impact on FDI and GDP, forex reserves, openness and external indebtedness had positive impact on FDI.
Singhania and Gupta (2011) used a dummy variable to account for FDI policy changes along with tracing the impact of macroeconomic variables like GDP, inflation rate, foreign trade, money supply growth and patents on FDI inflows in India. The study found that only GDP, inflation rate and scientific research had impact on FDI inflows. It was also found that the dummy variable for FDI policy changes done during 1995-1997 also had a significant effect on the inflows.
Kyereboah-Coleman and Agyire-Tettey (2008) tried to examine the relationship between exchange rate volatility and FDI inflows in Ghana. Their empirical results found that volatile exchange rate has a negative effect on FDI inflows which means that volatility of exchange rate which is a measure of risky reduces the inflow of FDI into the country. They conclude that exchange rate plays an important role in attracting FDI. Ozturk (2007) carried out an extensive review of FDI literature and found evidence that financial market regulations and stable banking systems are significant determinants for FDI. The World Investment Prospects Survey 2008 (UNCTAD, 2008 reported that of 226 companies surveyed, 50 percent of respondents expressed concern about the risk of a major global economic downturn and financial instability. Thus, the health of the banking system within a stable economic platform in Ireland is seen as important for foreign investment.
Bende-Nabende (2002) in a study using data on 19 SSA countries over the 1970-2000 showed that the most dominant long-run determinants of FDI in SSA were market growth, a less restrictive export-orientation strategy, the FDI policy liberalization, real effective exchange rates, market size and openness of the economy.
Bende-Nabende (2002) aims to provide an empirical assessment on the macro-locational determinants of FDI in SSA through the assessment of cointegration or rather long-run relationships between FDI and its determinants. The study comprises 19 SSA countries over the 1970-2000 period and employs both individual country data and panel data analyses techniques. The empirical evidence suggests that the most dominant long-run determinants of FDI in SSA are market growth, a less restrictive export-orientation strategy and the FDI policy liberalization. These are followed by real effective exchange rates and market size. Bottom on the list is the openness of the economy. Thus, as far as SSA is concerned, their long-run FDI positions can be improved by improving their macroeconomic management, liberalizing their FDI regimes and broadening their export bases. Lemi and Asefa (2003) address the relationship between economic and political uncertainty and FDI flows in African countries. The authors stress the following contributions of their paper: the first study in formally dealing with the role of political and
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Determinants of FDI in Ghana economic uncertainty in affecting FDI in Africa using generalized autoregressive heteroscedastic model to generate economic uncertainty indicators. The study analyzed FDI from all source countries -overall US FDI, US manufacturing FDI and US non-manufacturing FDI -and their responses to uncertainty. Whereas previous studies disregarded how the role of uncertainty differs from industrial groups and source countries, the period of analysis and sample countries were large enough for the result to be robust, which other studies did not consider. Schoeman further analyzed how government policy (mainly deficit and taxes) affects FDI through the estimation of a long-run cointegration equation for FDI in South Africa during the past 30 years. Of special importance were the deficit/GDP ratio, representing fiscal discipline and the relative tax burden on prospective investors in South Africa. 2.4.2 Effect of infrastructure (electricity production and telephone usage) on FDI. According to Morisset (2000) and Asiedu (2006) , the common perception among many observers is that FDI in African countries is largely driven by their natural resources and the size of their local markets. In an econometric study on 29 SSA countries for the period 1990-1997, Morisset (2000) found that both market size and natural resources availability have a positive influence on FDI inflows, with an elasticity of 0.91 and 0.92 using panel data and 1.4 and 1.2 using cross-section data, respectively. Panel regressions presented in Asiedu (2006) for 22 SSA countries over the period [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] showed that a standard deviation of one increase in the natural resource variable resulted in a 0.65 percent increase in the ratio of FDI to GDP, and a standard deviation of one increase in the market size variable resulted in a 2.61 percent increase in FDI/GDP. However, Moreira argued that natural and mineral resources were not the only determinants of FDI to the region. Even though the African countries that have been able to attract most FDI are those with natural and mineral resources as well as (relative) large domestic markets, many other factors influence investment decisions in Africa. Asiedu (2002) identified return on investment, infrastructure development and openness to trade as relevant in influencing FDI to Africa. Specifically, higher marginal product of capital and better infrastructure did not drive. FDI to SSA and, although openness to trade had a positive impact on FDI to SSA, the impact was lower than non-SSA countries.
3. Methodology 3.1 Model specification Following Dunning (1993 Dunning ( /2000 , Vernon (1996) , Vijayakumar et al. (2010) , Asiedu (2006) , the simple model for this study relating FDI and the other variables is specified as:
Equation (1) is restated as:
where FDI t is the FDI at time t; FDI will be measured as the log of FDI stock; INF t is the inflation rate at time t, which is measured as the annual percentage change in consumer prices; INT t is the interest rate at time t which is measured using the Bank of Ghana's monetary policy rate; EXR t is the exchange rate at time t which is measured as the average exchange rate divided by a price deflator; GDP t is the real GDP rate at time t, which is measured as the nominal GDP adjusted for inflation; EP is the electricity production measured as the total number of gigawatt hours (Gwh) generated into electricity plants and CHP plants; and TU is the telephone usage measured as all mobile subscriptions divided by the country's population and multiplied by 100; ε t is the error term; μ ¼ β 0 , and e ¼ 1. β 1 , β 2 , β 3 , β 4 , β 5 and β 6 are the parameters to be determined. By taking the logarithm of Equation (2), we arrive at:
Differencing Equation (3) as a result of nonstationarity nature of the variables, gives Equation (4), the FDI equation is then stated as:
The a priori signs of the explanatory variables are: The vector autoregressive (VAR) representations of the variables of interest are specified below:
where Y t is a (K * 1) vector of endogenous variables; δ is a (K * 1) vectors of intercepts; g p are the (K * K) fixed VAR coefficients matrices and v t ¼ (v 1t , …, v kt ), is an unobserved error term. It is to be noted that K is the number of variables.
Sources of data
In this study, FDI is the dependent variable and all the other macroeconomic variables are the independent variables. All the variables used in the models were based on the existing literature reviewed on the topic, economic theory and whether they fit well in the models in statistical terms. The time span covered in the study is from 1990 to 2015 and quarterly time series data were used. This was done through the interpolation method. The data on FDI were obtained from the World Bank Development Indicators , while series on real GDP, real effective exchange rate, electricity production, TU, and inflation were obtained from the World Bank. Series on interest rates were obtained from the Bank of Ghana. Here, the quarterly series data were generated through interpolation.
3.3 Estimation techniques 3.3.1 Unit root test. This study started by exploring the stationarity properties of the series using the augmented-Dickey-Fuller (ADF) and Philip-Perron (PP) tests procedure. This test is done in the first place in order to avoid spurious regression which is a common problem among most of the macroeconomic variables whose data generation processes follow a time trend. The ADF test procedure tests the null hypothesis that the variables have unit root or are non-stationary as against the alternative hypothesis that the variables are stationary. The study then resorts to the VAR framework to estimate the long-run and short-run relationships between FDI and the associated explanatory variables.
Tools for data analysis
The study will employ both descriptive and quantitative analyses. Charts such as graphs and tables will be employed to aid in the descriptive analysis. Unit roots tests will be carried out on all variables using the ADF and PP tests to ascertain their order of integration in order to do away with spurious regression. Additionally, the study will adopt the Johansen's
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Determinants of FDI in Ghana cointegration econometric methodology within the VAR framework to test for cointegration of the variables in order to obtain both the short-and long-run estimates of the variables involved. Also Granger causality test will be conducted to determine the direction of causality between the dependent variable and the independent variables. All estimations were carried out using Eviews 9.0 software packages.
Results and discussion
Descriptive statistics
The study first conducted the descriptive statistics of the relevant variables involved in the study which is presented in Table I . In Table I , the results show that all the variables have positive average values (means). The minimal deviation of the variables from their means as shown by the standard deviation gives indication of fast FDI (fluctuations) of these variables over the period. In terms of skewness, all of the variables are positively skewed with the exception of TU, which is negatively skewed. The Jarque-Bera statistic which indicates the null hypothesis that all the series are drawn from a normally distributed random process cannot be rejected for FDI and the associated explanatory variables.
Results of the unit roots test
In order to examine the determinants of FDI in Ghana, the stationarity status of all the variables including the control variables in the openness model specified for the study were determined. This was done to ensure that the variables were not integrated of order two (i.e. I(2) stationary) so as to avoid spurious results.
First of all, to statistically determine the stationarity properties, the (ADF) and PP tests were applied to all variables in levels and in first difference in order to formally establish their order of integration. The Schwartz-Bayesian criterion (SBC) and Akaike information criterion (AIC) were used to determine the optimal number of lags included in the test. The study presented and used the p-values for making the unit roots decision which arrived at a similar conclusion with the critical values. The results of both tests for unit roots for all the variables at their levels with intercept and trend and their first difference are presented in Tables II and III, respectively. From the results of unit roots test in Table II However, Table III From the above analysis, one can therefore conclude that all variables are integrated of order 1 I(1) and in order to avoid spurious regression, the first difference of all the variable must be employed in the estimation of the short-run equation.
VAR lag order selection criteria
One other problem in the estimation of VAR models is the selection of an appropriate lag length. The lag length plays a crucial role in diagnostic tests as well as in the estimation of VAR models for cointegration, impulse response and variance decomposition. The results of the VAR lag selection criteria are presented in Table IV .
Appropriate lag length ( p) is chosen using standard model selection criteria (AIC and SBC) that ensure normally distributed white noise errors with no serial correlation. It can be observed from the VAR lag selection criteria presented in Table IV that there are asterisks attached to some statistics of the five lag selection criteria (AIC, LR, SC, FPE and HQ). Tracing these statistics against the first column labeled "lag" shows that they coincide with lag 2. This implies that the appropriate lag length chosen is 2.
Granger causality test
This is to find out whether the direction of causality the study conducted the pair-wise Granger causality tests. 
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The results of the Granger causality test in Table V show that inflation (INF) Granger causes FDI at 5 percent level of significance. However, the results failed to reject the null hypothesis that FDI does not Granger cause inflation (INF). This means that inflation predicts FDI but not the other way round. Thus, there is unidirectional causality between FDI and inflation. In the empirical literature, the result is in consonance with the findings of Djokoto and Dzeha, Mamun and Nath, Akbar and Naqvi, who also found a unidirectional causality. From the results in Table V , it is clear that there is causality from interest rate to FDI. This means that in Ghana, there is unidirectional causality between FDI inflows and interest rate. This result is consistent with that of Zhang, who in exploring the existence of bi-directional causation between FDI and interest rate for a sample of 11 Latin American and East Asian countries for a 30-year period, Zhang found a causal relation running from INT to FDI for five countries. It is also in consonance with the study by Esso who re-examined the relationship between FDI and interest rate in the case of ten Sub-Saharan African countries. Thus, the study suggests that interest rate significantly causes FDI in three countries, while FDI causes interest in two countries.
This study, however, contradicts the study conducted by Ericsson and Irandoust who examined the causal effects between FDI and interest rate for four OECD countries. There is also a unidirectional causality between FDI and log of exchange rate. This is an indication that log of exchange rate is a critical variable in achieving FDI.
The results indicate a bi-directional causality between log of gross domestic growth and FDI at 5 percent level of significance. It is evident from the result that causality from FDI to log of GDP is stronger than the causality from log of GDP to FDI. This is in line with the long-run findings. It also gives credence to the fact that log of GDP is a real boaster for every economy in attracting FDI including that of the Ghanaian economy. Nevertheless, FDI in the economy also creates income for achieving higher GDP.
The Granger causality test results also suggests that the null hypothesis of electricity production does not Granger cause FDI is rejected at 5 percent level of significance, implying log of electricity production does Granger cause FDI. However, the null hypothesis that FDI does not Granger cause log of electricity production is no rejected, implying FDI does not Granger causes log of electricity production. Thus, a unidirectional causality has been identified from electricity production to FDI at the 5 percent significance level.
The unidirectional causality between TU and FDI is in line with the findings of Asiedu (2006) for Ghana and Chimobi (2010) for Nigeria. Asiedu (2006) found a unidirectional causality between TU and FDI running from TU to FDI. Chimobi (2010) identified a unidirectional causality between TU and FDI running from telephone to FDI. However, the study deviates from the results obtained by Gokal and Hanif (2004) who found a unidirectional causality between TU and FDI for Fiji running from FDI to TU inflation.
Tests for cointegration
This section presents the result on the Johansen cointegration analysis. In the face of nonstationary series with a unit roots, first differencing appears to provide the appropriate solution to our problems. However, first differencing has eliminated all the long-run information which economists are invariably interested in. According to Johansen (1991) , cointegration can be used to establish whether there exists a linear long-term economic relationship among variables of interest. It is in the same vein that Pesaran and Shin (1999) added that cointegration enable researchers to determine whether there exists disequilibrium in various markets. In this regard, Johansen (1991) asserts that cointegration allows us to specify a process of dynamic adjustment among the cointegrated variables and in disequilibrated markets.
Given that the series are I(1), the cointegration of the series is a necessary condition for the existence of a long-run relationship. Under the assumption of linear trend in the data and an intercept and trend in the cointegration equation, the results of both the trace and maximum-eigenvalue statistic of the Johansen cointegration test are presented and displayed in Tables VI and VII, respectively. It is evident from Tables VI and VII that both the trace statistic and the maximum-eigenvalue statistic indicate the presence of cointegration among the variables. Thus, the null hypothesis of no cointegrating relationship or vector (r ¼ 0) is rejected since the computed values of the trace and the maximum-eigenvalue statistics of 180.2803 and 67.08254 are greater than their respective critical values of 158.49 (1 percent) and 54.71 (1 percent), respectively. That is, applying the Johansen test to the quarterly series spanning from 1990:Q1 to 2015:Q4 leads to conclude that there exits at most one cointegrating relationship. This confirms the existence of a stable long-run relationship among FDI and the explanatory variables.
On the basis that there is one cointegrating vector among the variables, the estimated long-run equilibrium relationship for FDI was derived from the unnormalised vectors. From the unnormalized cointegrating coefficients, the seventh vector appears to be the one on
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of FDI in Ghana which we can normalize the FDI. The choice of this vector is based on sign expectations about the long-run relationships as indicated by theory. The derivation of the long-run relationship was done by normalizing on FDI and dividing each of the cointegrating coefficients by the coefficient of FDI. The long-run relationship is specified as:
The error-correction term of Equation (6) can be expressed as:
ECM ¼ FDIÀ0:0232T þ0:5442INF þ0:2885INT þ0:0808LN EX R À0:0583LN GDPÀ0:5034LN ECPÀ0:4642TU:
From Equation (5), it can be observed that all the variables are significant and they represent the long-run effects on FDI. Starting with the trend, it exerts a positive effect on FDI. This means that holding all other factors constant in the long run, as time passes by, FDI will grow by about 0.0322 percent each quarter. This is justified by the fact that as time passes by technology and behavior of economic variables change which will naturally impact on the investment activities. Inflation is negative and statistically significant. Thus, the coefficient of 0.5442 means that 1 percent increase in inflation would lead to approximately 0.5442 percent increases in FDI holding, keeping all other variables constant. This implies that inflation experience by the country really impact negatively on FDI. This is consistent with theoretical expectation of the classical views on the role of exchange rate volatility in the macro economy. It is also consistent with other empirical studies such as Vijayakumar et al. (2010) .
According to economic and investment theories, inflation induces FDI by shocks from the both local and global levels, and by affecting other macroeconomic variables. For Ghana, the result obtained suggests that inflation targeting policy adopted as part of the structural reforms in the 2000s in Ghana though helped yet has also affected the economy.
In the long run, interest rate is statistically significant and it exerts a negative effect on FDI in Ghana. The coefficient of 0.2885 percent implies that in the long-run 1 percent increase in interest rate will lead to approximately 0.2885 percent decrease in FDI. This means that increasing interest rate leading to higher cost of borrowing can affect initiatives to attract FDI frequently and which derives from the belief that foreign investment produces externalities in the form of technology transfers and spillovers. Romer (1993) , for example, argues that there are important "idea gaps" between rich and poor countries. He notes that foreign investment can ease the transfer of technological and business know-how to poorer countries. These transfers may have substantial spillover effects for the entire economy Vijayakumar et al. (2010) .
The log of exchange rate (LNEXR) which served as an exogenous variable was statistically significant and it exerted a negative impact on FDI. This means that 1 percent increase in exchange rate in the long run would lead to 0.0808 percent decrease in FDI. Thus, the negative and significant effect of exchange rate on FDI is an indication that exchange rate is a key channel through which the economy can be in distress.
The negative impact is in conformity with the findings by Bende-Nabende (2002) and Garibaldi. Most African countries have embarked on exchange rate reduction policies that are dominated by austerity measures. In most cases, these policies were implemented without evaluating the impact of exchange rate on FDI. Thus, it is imperative to bring in adequate corrective measures to be adapted to the peculiar economic structures and the behavior of agents in Africa that would allow us to capture the full impact of exchange rate on FDI and other economic aggregates.
Also, log of GDP with a coefficient of 0.0583 has a positive and significant impact on FDI. Specifically, the result indicates that a 1 percent increase in GDP will increase FDI by 0.06 percent holding all other things constant. A higher level of GDP represents a boom in an economy. If LDCs are streamlining their investment regulatory framework, implementing policies which promote macroeconomic stability and improve infrastructure, they can achieve a higher level of FDI.
The results, however, contradict the findings by Erbaykal and Okuyan, and Chimobi (2010) . Erbaykal and Okuyan showed no statistically significant long-run relationship between GDP and FDI for Turkey.
The coefficient of electricity production (LNECP) of 0.5034 shows that a 1 percent change in electricity production would result in a 0.5034 percent increase in FDI, holding all other factors constant. The sign of the electricity production support the theoretical conclusion that natural resources capital contribute positively to FDI attraction since the coefficient in this long-run equation is positive and significant. This positive relationship between electricity production and output is consistent with the expectation of the classical economic theory. It is consistent with conclusions reached by Morisset (2000) and Asiedu (2006) in the case of Ghana.
Finally, TU is positive and significant with a coefficient of 0.4442 indicating an increase in FDI by this amount if there is a 1 percent increase in the TU. This is consistent with the arguments of Morisset (2000) and Asiedu (2006) .
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4.6 Short-run relationship Engle and Granger (1987) argued that when variables are cointegrated, their dynamic relationship can be specified by an error-correction representation in which an errorcorrection term (ECT) computed from the long-run equation must be incorporated in order to capture both the short-run and long-run relationships. It is expected to be statistically significant with a negative sign. The negative sign implies that any shock that occurs in the short run will be corrected in the long run. The larger the ECT in absolute value, the faster the convergence to equilibrium. Given that our variables are non-stationary but cointegrated, estimation of the VECM, which included a first differenced VAR with one period, lagged ECT yielded an over-parameterised model as presented. As the values of the variables are stationary, the model was estimated using the OLSs. The approach of generalto-specific modeling was employed to arrive at a more parsimonious model, where insignificant variables were deleted using the t-ratios. Rutayisire (2010) argued that this process of moving from the general to the specific brings about a simplification of the model that makes estimations more reliable and increases the power of the tests. The results from the vector error-correction model as depicted in Table VIII suggests that the ultimate effect of previous periods' values of FDI on current values of FDI in the short run is positive and significant at lag 5. The result below shows that the estimated coefficient of the ECT has the expected sign and it is significant. This is an indication of joint significance of the long-run coefficients. According to Kremers et al. (1992) and Bahmani-Oskooee (2001) , a relatively more efficient way of establishing cointegration is through the ECT.
From the results in Table VIII , the estimated coefficient of the ECT is −0.1723 which implies that the speed of adjustment is approximately 17 percent per quarter. This negative and significant coefficient is an indication that cointegrating relationship exists among the variables under study. The size of the coefficient on the ECT denotes that about 17 percent of the disequilibrium in the economy caused by previous years' shocks converges back to the long-run equilibrium in the current year. Thus, the study discerns that the variables in the model show evidence of moderate response to equilibrium when shocked in the short run. It is theoretically argued that a genuine error-correction mechanism exists whenever there is a cointegrating relationship among two or more variables. The rule of thumb is that the larger the error-correction coefficient (in absolute term), the faster the variables equilibrate in the long run when shocked (Acheampong, 2007) . However, the magnitude of the coefficient in this study suggests that the speed of adjusting to long-run changes is slow. The current value of FDI is affected by the past quarter values of FDI. Specifically, FDI at lag 5 is significant with a coefficient of 0.3870. It exerts a positive effect on FDI in the fifth quarter. This is expected in that previous growth and expansion in FDI serves as an indication of prosperity and may further attract more investment leading to more growth.
Inflation, which is one of the focus explanatory variables in this study, is significant at lags 1 and it exerts a negative effect on FDI just as the long-run effect .This implies that in the short-run inflation is reducing welfare in Ghana. This is consistent with the study by Vijayakumar et al. (2010) .
In the short run, interest rate is significant at lag 5 where it exerts a negative effect on FDI in the fifth quarter with coefficient of 0.1164. Thus, in the fifth quarter, a 1 percent increase in interest rate would lead to 0.1164 percent decrease in FDI. The negative effect of interest rate reemphasizes the fact that Ghana in some way has not benefited from the spillover effect of interest rate in the country.
Also, short-run increases in exchange rate exert a negative and statistically significant impact on FDI. This means that an increase in exchange rate in the short-run exerts a negative impact on FDI. This is consistent with the long-run result.
The results also show that log of GDP which has a positive and significant impact on FDI. Specifically, a 1 percent increase in log of GDP will cause growth in FDI to increase by 0.0136 percent holding all other factors constant. This result confirms the findings of Garibaldi who argued that a higher GDP in a country can increase the level of living standard in their economic if it serves as a means to achieve further high level of economic growth.
The coefficient of log of electricity production is still positive and significant just as the long-run estimate. Thus in the short run, a 1 percent increase in electricity production would lead to approximately 0.45 percent increase in FDI in the fourth quarter. The sign of the electricity production supports the theoretical conclusion that natural resources positively contributes to greater openness both in the short and long runs since the coefficient of the variable in these two periods is positive and significant. Similarly, the growth in TU is positive and significant at 5 percent significance level. A 1 percent increase in the TU in the short run would increase FDI by 0.5604 percent all other things being equal. This is consistent with the studies by Morisset (2000) and Asiedu (2006) .
Variance decomposition analysis
Following the VAR estimation, the study decomposed the forecast error variance by employing Sim's recursive Cholesky decomposition method. The forecast error variance decomposition provides complementary information for a better understanding of the relationships between the variables of a VAR model. It tells us the proportion of the movements in a sequence due to its own shock, and other identified shocks (Enders, 2004) . Thus, the variance decomposition analysis will enable us identify the most effective instrument for each targeted variable based on the share of the variables to the forecast error variance of a targeted variable. The results of the forecast error variance decomposition of the endogenous variables, at various quarters are shown in Table IX . In explaining the forecast error variance of FDI in Table IX , it is observed that in the short-term horizon (two years) innovations of exchange rate and TU are the most important sources of variations besides FDI its own shock.
Throughout the medium-term and long-term horizon, the innovations to exchange rate (LNEXR) and TU serve as the important sources of variations to FDI. The source of least
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Conclusions and policy recommendations
The study has empirically examined the determinants of FDI in Ghana using the data set for the period 1990-2015. The empirical evidence revealed the following findings: both the longrun and short-run results found statistically significant positive effects of the log of GDP, log of electricity production and telephone on FDI in Ghana. The study also found a negative and significant effect inflation, interest rate and log of exchange rate on FDI both in the long and short runs. This reemphasizes the potential effects of these variables on FDI in Ghana.
From the results of the forecast error variance decomposition, the most important variable for FDI is log of exchange rate and the least variable for FDI is electricity production. The Granger causality test results revealed a unidirectional causality between inflation, interest rate, log of exchange rate, log of GDP and FDI. However, there was a bi-directional causality between electricity production, TU and FDI. Based on the findings from the study, the following recommendations are proposed. First, given that the study found a negative causal effect of exchange rate on FDI, the government should pursue more pragmatic policies such as exchange rate targeting strategy that will stabilize exchange rate policies in order to enhance FDI attraction. This can be done in the form of regularly monitoring the exchange rate by the Bank of Ghana. Second, another policy implication of the study is that the Bank of Ghana and other regulators need to ensure that low inflationary rate is maintained in the Ghanaian economy. This can be done through by targeting the inflation rate by Bank of Ghana and this will stabilize the economy. Third, Ministry of Communications in Ghana and other private partners need to expand the country's telephone subscriptions. This will help to attract more FDI into the services sector of the country. This can be done through heavy investments in the economy.
Fourth, the government in collaboration with the electricity company of Ghana, Volta River Authority, and other private partners should expand electricity production in the country. This will reduce the rampant power outage in the country and in turn serve as a signal to investors.
Fifth, the study recommends that, the Government of Ghana needs to increase the country's per capita GDP to attract more FDI into the services and manufacturing sectors of the economy.
Finally, financial institutions in Ghana need to also consider reducing their interest rate to attract borrowing from the private sector so as to boost development in the financial sector leading to more growth in the economy. 
